Spectroscopy and laser performance of Yb 3+ :YAlO 3 under diode-laser pumping are reported. CW-laser with output power of 1.2W and slope efficiency of 64.5% was demonstrated. 225fs-pulses with average power of 0.8W were obtained in mode-locked laser.
Introduction
Crystals doped with trivalent ytterbium ions (Yb 3+ ) are of great interest for directly diode-pumped high power femtosecond lasers emitting in the spectral range near 1 µm [1] . Sub-100 fs pulses were obtained with a number of crystals, such as Yb-doped KGW, GdCOB, YVO 4 , CAlGO etc. However, these materials have a low thermal conductivity, which limits their potential for high power operation. Our paper is dedicated to Yb-doped YAlO 3 crystal, which is a well known crystalline host for solid-state lasers with high thermal conductivity (11 W/m·K). Some spectroscopic measurements (unpolarized absorption and emission spectra) of Yb 3+ :YAlO 3 and comparison with other Yb-doped materials were made by De Loach et al. [2] . Here we report for the first time to our knowledge detailed spectroscopy of Yb 3+ :YAlO 3 and efficient room-temperature cw and passively mode-locked Yb:YAlO 3 lasers.
Spectroscopy
For the spectroscopic measurements Yb:YAlO 3 crystal with Yb concentration of 1 at.% was used. Polarized absorption spectra were measured with Cary-500 spectrophotometer, the stimulated emission cross sections were calculated by using modified reciprocity method. The polarized absorption and emission cross section spectra are shown in Fig.1 . 
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Strong absorption was determined for light polarization E||c axis. Its peak absorption cross section at 979 nm is about 7.4 × 10 -20 cm 2 . For a-and b-polarizations absorption cross section at 979 nm are 1.08 × 10 -20 cm 2 and 1.42 × 10 -20 cm 2 , respectively. Lifetime measurements were carried out with fine powdered Yb 3+ :YAlO 3 crystal immersed in ethylene glycol. Fine powder was used in order to eliminate the influence of reabsorption while ethylene glycol was used for refractive index matching in order to avoid total internal reflection. The radiative lifetime was determined to be 480±5 µs.
Laser experiments
The laser experiments were carried with a delta cavity configuration (Fig.2) . The resonator consisted of two curved mirrors (100-mm and 300-mm radius-of-curvature), plane output coupler (OC) and a plane end mirror highly reflecting at 1020-1100 nm. Yb 3+ :YAlO 3 crystal was cut along a-axis for the possible operation in both c and b polarizations. Yb-concentration in YAlO 3 crystal used for laser experiments was 1 at.%. The laser element with thickness of 3 mm was antireflection coated at the pump and laser wavelengths and mounted onto a copper heatsink kept at 20°C. CW fiber-coupled (∅=105 µm, N.A.=0.15) laser diode with a maximum output power of about 6 W at 980 nm was used for longitudinal pumping of the active element through the 100-mm ROC mirror. The pump beam was focused into the 105 µm spot with a confocal length of about 2.5 mm inside the laser crystal. The cavity-mode diameter for TEM 00 transversal mode at the active element was 98 µm. Input-output diagrams for the Yb 3+ :YAlO 3 laser in continuous wave regime with output coupler transmittance of 3.5 % and 5.5 % are presented in Fig. 3 . A maximum output power of about 1.2 W at 1040 nm for TEM 00 mode with a slope efficiency of 64.5 % with respect to the absorbed pump power was obtained with 5.5% OC. For Yb 3+ :YAlO 3 laser with output coupler transmittance of 3.5% slope efficiency was decreased to 58 % with an output power of 1.12 W at 1041 nm. In all cases the laser output was b-polarized where the stimulated emission cross-section is slightly higher than for a polarization. Laser thresholds for the 3.5 % and 5.5 % output coupler were estimated to be 0.85 W and 1.05 W of the absorbed pump power, respectively. For mode-locking experiments we used cavity configuration described above with a SESAM shutter (from Batop) substituted for the HR mirror which had a modulation depth of about 1.6 % and a saturation fluence of about 30 µJ/cm 2 . To obtain negative group delay dispersion in the cavity we used a two chirped mirrors (Layertec), each providing second-order dispersion of nearly -920 fs 2 in the spectral range from 1030 to 1065 nm. Stable cw modelocking was obtained with 3.5 % OC. Average output power of 0.8 W was obtained at a pulse repetition rate of 70 MHz with pulses of 225 fs duration and peak power as high as 44.5 kW centered at 1041nm. Figure 4 shows the intensity autocorrelation and optical spectrum of the mode-locked Yb:YAlO 3 laser. Laser output was b polarized. The time-bandwidth product was estimated to be 0.32 that was close to a soliton pulse. In summary, for the first time efficient cw and mode-locked laser operation was obtained and detailed spectroscopic properties of Yb:YAlO 3 single crystal were studied. CW operation of Yb 3+ :YAlO 3 laser at 1040 nm with 1.2 W output power and a slope efficiency as high as 64% with respect to the absorbed pump power was demonstrated. In mode-locking regime soliton pulses with duration of 225 fs and a peak power as high as 44.5 kW around 1041 nm were realized. We believe that enhancing of laser efficiency and pulse shortening could be achieved by optimization of laser crystal and laser cavity characteristics. Yb:YAlO 3 looks promising also for thin-disk ultrafast lasers due to high thermal conductivity, strong absorption at 979 nm and comparatively broad amplification bands.
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